Abstract. Demodecosis canina is one of the most important dog parasitoses, but its aetiology is still not well known. There are currently two known species of demodecid mite specific to the domestic dog Canis lupus familiaris Linnaeus, 1758 (Carnivora: Canidae). These are Demodex canis Leydig, 1859 (Acariformes: Demodecidae) and Demodex injai Desch & Hillier, 2003 . There have also been many reports of the so-called 'short form', considered to be a separate species functioning under the name Demodex cornei nomen nudum, for which, however, no formal valid description has been documented. Taxonomic analysis of short forms of dog demodecid mites, associated with the stratum corneum, was performed, in line with the taxonomic criteria of Demodecidae systematics. This form was found to be a distinct species with features that differ from those of the other known species of this family. The species, including the adult and immature stages, is described. It is likely that different Demodex species parasitizing the domestic dog may be responsible for differentiated symptoms and different courses of demodecosis. However, the basis for clarifying this issue should be the correct, unambiguous identification of the species causing parasitosis.
Introduction
Demodecidae (Acariformes: Prostigmata) are parasitic mites of mammals usually found on the skin, but also in other tissues. To date, more than 120 species specific to different hosts have been described (Izdebska & Rolbiecki, 2016; Izdebska et al., 2017) . As a rule, infestations with these mites are asymptomatic, but they may sometimes cause demodecosis (demodicosis, demodicidosis), of which the form with the highest veterinary importance in domestic dogs is demodecosis canina, a disease with very different symptoms and course (Mueller, 2004; Izdebska, 2010) . Although it is one of the most commonly described dog parasitoses, its aetiology is still not well known and its cause was until recently attributed to Demodex canis (Fig. 1B) , a parasite known since the 19th century (Hirst, 1919) . However, at the Correspondence: Joanna N. Izdebska, Department of Invertebrate Zoology and Parasitology, Faculty of Biology, University of Gdansk, Wita Stwosza 59, 80-308 Gdansk, Poland. Tel.: + 48 58 523 6189; Fax: + 48 58 523 6180; E-mail: biojni@biol.ug.edu.pl turn of the 19th and 20th centuries, emerging data indicated the existence of other species of demodecid mite associated with this host which are probably also pathogenic for the host. Hence, in 2003, Desch & Hillier (2003) published a description of Demodex injai (Fig. 1A) , a species much larger than D. canis. A number of reports on the so-called 'short form' of demodecid mites from dogs have also been published (Mason, 1993; Chen, 1995; Chesney, 1999; Saridomichelakis et al., 1999; Tamura et al., 2001; López et al., 2011) . The analogous short form of Demodex cati Hirst, 1919 , discovered in the domestic cat Felis catus Linnaeus, 1758 (Carnivora: Felidae) , has proved to be a distinct species, later described as Demodex gatoi Desch & Stewart, 1999 (Desch & Stewart, 1999 .
The short form of the dog demodecid mite can be considered as a distinct species living within the stratum corneum of the skin (Desch & Hillier, 2003) , which, as a result of its location in the host, has been referred to as Demodex cornei (Mason, 1993; Ordeix et al., 2009; Sakulploy & Sangvaranond, 2010; Sivajothi et al., 2013; Lewis & Laporte, 2015; Swathi et al., 2016; Veena et al., 2017) . However, this species has not yet been formally described in accordance with the International Code of Zoological Nomenclature and the criteria for Demodecidae family mites, and taxonomic evidence of the distinctness of this species remains to be presented.
Hence, D. cornei has a systematic status of nomen nudum, which implies that the species name is not supported by the relevant, required description of the species. This causes many problems because the name is used in various parasite-based studies and even veterinary textbooks (e.g. Campbell, 2010; Bowman, 2014) , and short forms of dog demodecid mites have been reported in dogs in many parts of the world, usually as a cause of demodecosis (e.g. Chesney, 1999; López et al., 2011) . However, in the absence of definitions of the features and taxonomic criteria of D. cornei, there is no certainty as to the status of these forms or as to whether all of the short forms mentioned in these studies belong to the same species. It is worth mentioning that several species of mammal have already demonstrated specific infestations by species of the family Demodecidae, associated with different skin and tissue structures. Most species were previously described in the domestic mouse Mus musculus Linnaeus, 1758 (Rodentia: Muridae), in which seven species have been found in common and sensory hair follicles, scantily hairy skin areas and the genital regions, as well as the ear canals and tongue (Izdebska et al., 2017) . Therefore, the so-called 'short forms' of Demodex dog mites may belong to different species rather than to only D. cornei. However, demodecid mites are among the smallest mites and are very delicate, which creates problems in preparation. Sometimes short forms may result from the incorrect fixation or preparation of D. canis, whereby the opisthosoma shrinks and deforms (Fig. 1D) . The possibility that specimens of demodecid mites of smaller size or other body proportions are simply morphological variants of D. canis rather than a separate species cannot be ruled out.
It was therefore necessary to carry out a taxonomic analysis of the short forms of dog demodecid mites, identified as D. cornei nomen nudum from domestic dogs (Fig. 1C ) and to compile a description consistent with the taxonomic criteria of Demodecidae systematics. Verification of the species status of dog demodecid mites and the precise presentation of their features are essential for their correct identification. In turn, only correct, unambiguous species identification will make it possible to explain the aetiology of demodecosis canina and the association between various disease symptoms and aetiological factors.
Materials and methods
In the current study, conducted during 2015 and 2016, samples from 30 dogs sourced from shelters for homeless animals in northern Poland (Gdynia) were studied. Body surface studies were performed to detect the occurrence of demodecosis symptoms; in addition, fragments of skin were collected from dead dogs to check for the presence of Demodex spp. (including in asymptomatic cases). Supplemental material relating to D. injai from previous studies was also used (Izdebska, 2010) . The host skin fragment digestion method was used to recover skin mites. Skin fragments of 4 cm 2 were collected from several body regions, including the head, neck, abdomen, back, limbs and genital-anal area. Skin samples were preserved in 70% ethanol and digested in 10% KOH solution; samples obtained were decanted [examination of 1 cm 2 of the skin equal to the analysis of approximately 100 wet preparations (i.e. in the liquid state)] and examined using phase-contrast microscopy. Specimens were placed in polyvinyl-lactophenol solution and measured (in micrometres). All measurements were defined as follows: total body length = length of the gnathosoma, podosoma and opisthosoma; gnathosomal width = width at base, and podosomal and opisthosomal width = maximum width. The description of the species adopted the nomenclature commonly used for the family Demodecidae (Nutting, 1976) and was completed with the nomenclature proposed by Bochkov (2008) for the superfamily Cheyletoidea (Acariformes: Prostigmata).
Results

Description
Demodex cornei is a small demodecid mite (adult stages average 136 μm in length) with a stocky body, a rectangular short gnathosoma, a wide podosoma and an oval, wide, gradually tapered towards the end and clearly densely annulated opisthosoma, which constitutes only 42% of body length on average. On the dorsal part of the gnathosoma, a pair of spatula-shaped supracoxal spines (setae elc.p) are present (3-4 μm) (Fig. 2C) . The terminal parts of each palpus have three claw-like, relatively large spines (Fig. 2D ). There is a horseshoe-shaped pharyngeal bulb on the ventral part of the gnathosoma. Two relatively long (1-2 μm in length) subgnathosomal setae (setae n) appear on both sides of the pharyngeal bulb (Fig. 2D ). On the dorsal part of the podosoma, the podosomal shield shows a pattern in the form of vertical grooves. The podosoma has four pairs of short, distinctly segmented legs, with two forked claws, and a small and conical tubercle at the base of each claw (Fig. 2H) , and one solenidion on each genu. The opisthosomal organ is present only in females (Fig. 2G ). Sexual dimorphism is expressed mostly in dimensions: males are smaller and on average have a slightly shorter opisthosoma (Fig. 3) . The development cycle includes egg, larva, protonymph and deutonymph (Fig. 4) .
Female (n = 50). Total body: mean length: 145 μm (range: 123-174 μm); mean width: 46 μm (range: 38-55 μm) (Figs 2A, B and 3A-C). The gnathosoma is distinctly separated from the podosoma, and is rectangular and short (the length is less than the width of the base): mean length: 21 μm (range: 16-25 μm); mean width: 28 μm (range: 21-33 μm) ( Table 1 , Fig. 2C, D) . The dorsal part of the gnathosoma shows a pair of large (3-4 μm in length), spatula-shaped supracoxal spines (Figs 2A, C and 5A) . The palps are three-segmented terminating in three claw-like spines in different shapes, two bifurcated and one unbifurcated (Fig. 2B, D) ; seta v ′′ F is present on the middle segment (trochanter-femur-genu) (Fig. 2D ). There is a horseshoe-shaped pharyngeal bulb on the ventral part of the gnathosoma. Two relatively long (1-2 μm in length) subgnathosomal setae are seen in the middle on both sides of the pharyngeal bulb (Figs 2B, D and 5D). The podosoma is cylindrical and wide, with the podosomal shield on its dorsal part ( Fig. 2A) . The podosomal shield is covered with vertical grooves extending to the border between leg pairs III and IV. There are four pairs of legs, with one segment integrated with the podosoma in the form of an epimeral plate (coxal field) and five free, short, overlapping segments. There is a solenidion on each leg genu and two forked claws with large subterminal spurs and two proximal bulges on each tarsus, and additionally a small and conical tubercle at the base of each claw (Figs 2H and 5G) . All pairs of epimeral plates are distinctly sclerotized and trapezoidal, and connect at the midline part of the podosoma; the posterior edge of pair IV shows a triangular incision with the vulva inside (Fig. 2B) . The opisthosoma constitutes a mean of 42% (range: 37-53%) of body length and is short, wide and oval, and usually gradually tapers towards the end (Figs 2A, B and 3A); however, some specimens have a markedly conical opisthosoma (Fig. 3B) . The whole opisthosoma is covered with clear, dense annulations, which reach the posterior part of the podosomal shield on the dorsal part of the podosoma, and the posterior edge of the pair IV epimeral plate on the ventral part of the podosoma. The opisthosomal organ resembles a test-tube in shape (10-12 μm in length) and is located in the posterior part of the opisthosoma; its posterior edge is located 4-5 μm from the end of the opisthosoma (Fig. 2G) .
Male (n = 30). Total body: mean length: 121 μm (range: 106-143 μm); mean width: 40 μm (range: 35-50 μm) (Figs 2E and 3D, E). The body shape is similar to that of the female, but is smaller, usually with a relatively shorter opisthosoma. The gnathosoma is 18 μm (range: 15-23 μm) long and 25 μm (range: 21-30 μm) wide, and is similar to that in the female in shape and related structures (Table 1 ). The shape of the podosoma and the legs are also similar to those in the female (Fig. 2E ). All pairs of epimeral plates are distinctly sclerotized and trapezoidal, but, unlike those in the female, do not connect closely in the midline part of the podosoma; the posterior edge of pair IV is indented archwise. The opisthosoma constitutes 40% (33-46%) of body length, is short and oval, is usually gradually tapered towards the end, and is clearly and densely annulated, similarly to that in the female. The opisthosomal organ is absent. The aedeagus is 26 μm (20-28 μm) long and is visible on the dorsal part of the podosoma at the level of the II-IV pairs of epimeral plates; the genital opening is spherical and is located level with the border between the I and III pairs of epimeral plates (usually located level with the posterior edge of epimeral plate I) (Fig. 2E, F) .
Egg (n = 50). Elliptical, unsymmetrical; mean length: 71 μm (range: 60-88 μm); mean width: 33 μm (range: 27-43 μm) (Fig. 4A) .
Larva (n = 50). Total body: mean length: 89 μm (range: 64-103 μm); mean width: 29 μm (range: 25-38 μm) ( Table 2 , Fig. 4B ). The body is stocky and spindle-shaped. The gnathosoma is relatively large and wide (length less than width of base) and is trapezoidal in recently hatched larvae; with time it takes a rectangular shape. The supracoxal spines are wedge-shaped; the terminal parts of each palpus have three claw-like spines; also seta v ′′ F are present on the trochanter-femur-genu. The Nutting & Desch (1978) and authors' unpublished data Desch & Hillier (2003) and authors' unpublished data Sex/sample size Nutting & Desch (1978) and authors' unpublished data Desch & Hillier (2003) and authors' unpublished data Sex/sample size Hair follicles and sebaceous glands * Measurements were rounded to the nearest micrometre with respect to the original results (Nutting & Desch, 1978; Desch & Hillier, 2003) . †Calculated from measurements by Desch & Hillier (2003) and Nutting & Desch (1978) . ‡Measured 10 aedeagi (Nutting & Desch, 1978) . §Measured 17 vulvas (Nutting & Desch, 1978) . ¶Most likely (requires confirmation). pharyngeal bulb takes the form of two arches; subgnathosomal setae are absent. The podosoma is wide and short, with three pairs of non-segmented clearly separated legs, each equipped with one pair of three-denticled claws. The opisthosoma is conical, relatively wide and short, and constitutes 52% (45-59%) of total body length.
Protonymph (n = 50). Total body: mean length: 108 μm (range: 95-125 μm); mean width: 35 μm (range: 25-43 μm) ( Table 2 , Fig. 4C ). The body is stocky and spindle-shaped. The gnathosoma is rectangular, wide and similar to that in well-developed larvae. The pharyngeal bulb and morphological details of the gnathosoma are similar to those in larvae. The podosoma is wide and short, with three pairs of non-segmented clearly separated legs, each equipped with one pair of three-denticled claws; the outline of the fourth pair of legs (without claws) is visible. Pairs of ventral scutes are seen between leg pairs I-III. The opisthosoma is conical and wide, but longer than in larvae, and constitutes 55% (48-58%) of total body length.
Deutonymph (n = 50). Total body: mean length: 149 μm (range: 127-185 μm); mean width: 44 μm (range: 38-50 μm) ( Table 2 , Fig. 4D ). The body is stocky, spindle-shaped and more elongated than in the protonymph. The gnathosoma is rectangular and wide; the pharyngeal bulb and morphological details of the gnathosoma are similar to those in the protonymph. The podosoma is wide and short, with four pairs of non-segmented clearly separated legs, each equipped with one pair of three-denticled claws. There is a pair of ventral scutes between each leg pair. The opisthosoma is wide at the base and narrows to the end, is clearly more elongated than in the protonymph and constitutes 56% (50-63%) of body length.
Differential diagnosis
The morphological features of D. cornei should be compared with those of other species in domestic dogs, D. canis and D. injai (Table 3) .
Infestation and location in the host
In addition to D. cornei, D. canis and D. injai were identified in the present investigation. Overall, the prevalence in domestic dogs of all three species of demodecid mite was 96.7% (29 of 30 dogs).
Findings of D. cornei indicated a prevalence of 20.0% (six dogs) in examined hosts, at a density of 9.0 (specimens per examined skin fragment), whereas those of D. canis and D. injai demonstrated prevalences of 76.7% (23 dogs) and 3.3% (one dog), and densities of 12.0 and 4.0, respectively.
Demodex cornei and D. canis were observed in different dog body parts, although D. cornei was found mostly on the neck, anterior limbs and back, whereas D. canis was collected from the head and anterior limbs. Demodex injai was found solely on the trunk (abdomen and back).
Discussion
An analysis of the taxonomic features recognized as important criteria in the systematics of the Demodecidae family of mites (Izdebska & Rolbiecki, 2016) shows that D. cornei is a distinct species with features that differ from those of the other species in this family, including D. canis and D. injai, also described in domestic dogs. To date, different demodecid mite species have been described as infecting specific host mammal species, inhabiting different microhabitats, with topical and topographical specificity (Izdebska & Rolbiecki, 2013) . This applies to different species of mammal that range from rodents, to bats and ungulates. For example, among the domestic animals, three species of demodecid mite were found in cattle (Demodex bovis Stiles, 1892 , Demodex tauri Bukva, 1986 and Demodex ghanensis Oppong, Lee & Yasin, 1975) , two in domestic horses [Demodex caballi (Railliet, 1895) and Demodex equi Railliet, 1895] and two in sheep (Demodex aries Desch, 1986 and Demodex ovis Railliet, 1895) (Izdebska, 2009) . Only 14 species of Demodecidae, exclusively from the genus Demodex, have been described in the order Carnivora, and usually as single species specific to the host. These hosts include the European badger Meles meles (Linnaeus, 1758) (Carnivora: Mustelidae), the Eurasian otter Lutra lutra (Linnaeus, 1758) (Carnivora: Mustelidae), the stoat Mustela erminea Linnaeus, 1758 (Carnivora: Mustelidae), the tiger Panthera tigris (Linnaeus, 1758) (Carnivora: Felidae), the snow leopard Uncia uncia (Schreber, 1775) (Carnivora: Felidae), the American black bear Ursus americanus Pallas, 1780 (Carnivora: Ursidae), the giant panda Ailuropoda melanoleuca (David, 1869) (Carnivora: Ursidae), the Californian sea lion Zalophus californianus (Lesson, 1828) (Carnivora: Otariidae) and the harbour seal Phoca vitulina Linnaeus, 1758 (Carnivora: Phocidae). However, two species have been described in the domestic cat: D. cati and D. gatoi. Only two species (D. canis, D. injai), both found in domestic dogs, have been described as infesting the canine family (Izdebska & Rolbiecki, 2014) , but a third, D. cornei, is confirmed in this study.
Demodex mites of different species with synhospitalic occurrence in the same host are usually found in different parts of the skin structure (epidermis, common and sensory hair follicles, various skin glands and their excretory parts) or other tissues or organs (tissues of the mouth, such as the gums and tongue, and external auditory meatus). They often also show preferences for different body regions of the host, such as the head, limbs and genital-anal area (Izdebska & Rolbiecki, 2013) . This permanent location in the host is relevant mainly with reference to the asymptomatic presence of these parasites, which is typical of them. These are organisms which, as parasites, live at the expense of the host, use its body for food and as a habitat, pollute it and to some extent damage its tissues and structures. However, the longterm evolution of the host-parasite system has resulted in the optimum adaptation of the two components, the host and the parasite, such that demodecid mites are usually well tolerated by the host organism and only under exceptional circumstances do they cause strong reactions and lesions. These usually reflect the overmultiplication and overabundance of these mites, as a result of, for example, the reduced body condition and resistance of the host, and worsening of the host's living conditions. Under natural conditions, symptoms of demodecosis are very rare, although these parasites are commonly found in populations of their hosts and the prevalence of infection is often 100% (Izdebska & Rolbiecki, 2015) .
However, a domestic dog is a special host, having been shaped not by longterm natural evolutionary processes, but by human activity within a relatively short period. It is estimated that dogs separated from Eurasian wolves about 135 000 years ago, and achieved the status of a separate species 15 000-40 000 years ago (Boyko et al., 2009; Larson & Bradley, 2014) . This short pedigree as a species obviously plays a role in stabilizing the host-parasite system, especially as the creation of highly morphologically diverse races has led to significant changes in the formation of the microhabitats typical of demodecid mites, which often involve differentiation between hair types and thus skin characteristics. This may explain why demodecosis is much more common in dogs than in other hosts. Different species of Demodex which, in normal conditions, would occupy different microhabitats may be observed simultaneously in the course of analysing skin scrapings from skin lesions showing demodecosis. During demodecosis, excessive multiplication of the demodecid mites occurs, accompanied by the degradation of their microhabitats and, consequently, the movement of these non-mobile mites or their mechanical transmission by the host while rubbing or scratching. Therefore, in skin scrapings from skin lesions, D. canis and D. cornei may sometimes be observed in the same samples. However, both the present and previous studies on the frequency of Demodex spp. (Izdebska, 2010; Izdebska & Fryderyk, 2011) indicate that for mixed demodecosis infection, associated with the presence of two species, in samples originating from lesions of different locations or samples that are diverse in terms of tissue sampling methodology (surface or deeper, the so-called 'deep skin scrape'), one species of mite always dominates in a given test. Demodex cornei predominates in surface skin samples and D. canis does so in the deep skin scrape.
The individual Demodex species described in the domestic dog present considerable variations in metric features (Table 3) . However, neither size nor proportion can be used as the basis for the identification of these species. These are usually subject to some variability as a result of differences in the specific characteristics of microhabitats provided by individual hosts and may also reflect differences (more or less favourable) in living conditions, including the degree of mite abundance. It is difficult to relate the present data to those of other authors because, in the absence of identification criteria for D. cornei, it is not clear whether or not this species was included in previous work. However, in earlier studies of Demodex spp. in dogs from the same region of Poland, performed according to the same standards, demodecid mites derived from another dog group or trial showed slightly different metric ranges (Izdebska, 2010; Izdebska & Fryderyk, 2011) . The possible existence of unknown species of Demodex in the domestic dog, the metric features of which may coincide with those of one of the known species, should not be excluded. Therefore, identification should be based on the criteria considered to represent important characteristics distinguishing the species in the family Demodecidae. However, given the microscopic size of these mites and the difficulties associated with the observation and interpretation of features by researchers without taxonomic experience, it is best to rely on sets of features (Table 3) , rather than on individual elements.
Undoubtedly, the different Demodex species found in domestic dogs may be responsible for the development of differentiated symptoms and the different courses of demodecosis. Of course, the individual characteristics of the host are also important (e.g. condition, individual resistance, age, race), as a number of additional factors are likely to be, and hence the problem requires more extensive research. However, the basis of such considerations is always the correct, unequivocal identification of the species that causes parasitosis.
